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1. Introduction
In RAN1 #92b, the link level simulation assumptions were agreed to be included in the NOMA TR 38.812 [1]: 
R1-1803613	Text proposal for LLS parameters in TR 38.812 (NOMA)	ZTE, Sanechips
Decision: The TP is endorsed.
In this contribution, we provide link level simulation results with the IDMA scheme in mMTC scenario considering the agreed assumptions.
2. Discussion
The simulation results in this contribution are focused on the mMTC case with CP- and DFT-s-OFDM waveforms. We present IDMA simulation results with equal SNR assumption in AWGN and fading channels (TDL-A and TDL-C). Both ideal channel estimation and DMRS based real channel estimation are simulated. For each case, we present results for different number of UEs and as a point of reference we also consider 1 UE case (OMA case with the same per UE spectral efficiency). 
Results are generated for the five agreed TBS of 10, 20, 40, 60, and 75 bytes. The number of RBs is fixed to 6. NR rate matching [3] is used as part of LDPC coding to adjust the spreading of the coded payload over all REs available for data transmission in a TTI. Other details and simulation assumptions are described in the Appendix Table 2. 
2.1 	BLER results
2.1.1		In AWGN Channels 
Figures 1 (a)-(e) show BLER performance results of IDMA in AWGN channels with CP-OFDM waveform. IDMA performs very well under different overloading scenarios where it can multiplex more than one users except for TBS75. For a given bandwidth, smaller TBS allows for larger spreading and thus a lower effective code rate which is beneficial for IDMA to multiplex a high number of users. For TBS75, the effective spreading is limited to 1 which limits the multiplexing gain. In addition, in AWGN channels the interleaver cannot make use of frequency diversity which further limits the potential multiplexing gains of IDMA. 
Figures 2 (a)-(e) show BLER performance results of IDMA in AWGN channels with DFT-s-OFDM waveform. Results show that IDMA performs similarly to the case with CP-OFDM waveform and thus IDMA can be used with DFT-s-OFDM waveform when low PAPR is required without loss of multiplexing gain. 
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Figure 1 – IDMA evaluation results, AWGN channels, CP-OFDM
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Figure 2 – IDMA evaluation results, AWGN channels, DFT-s-OFDM

2.1.2		In Fading Channels
In this section, we present our evaluation results for TDL-A and TDL-C fading channel models. We consider the cases of ideal channel estimates and DMRS based real channel estimates. The motivation for considering ideal channel estimates are twofold. First, there is no agreed approach for a DMRS design that could support a high number of DMRS ports (>12). Second, at this phase of the study the main focus of the SI is to understand the behavior and the capabilities of each NOMA scheme. Therefore, it is important to decouple the aspects related to the DMRS and channel estimation from the actual capabilities of a NOMA scheme. For the case with DMRS based channel estimates, we provide results of up to 12 users assuming orthogonal NR DMRS [2]. The overhead consists of 1 every 7 OFDM symbols.

In Figures 3-10 we provide IDMA simulation results as summarized in Table 1. 
Table 1: IDMA Simulations results in fading channels 
	Figure Number
	Fading Channels
	Channel Estimates
	Waveform

	Figure 3
	TDL-A
	Ideal
	CP-OFDM

	Figure 4
	TDL-A
	Ideal
	DFT-s-OFDM

	Figure 5
	TDL-C
	Ideal
	CP-OFDM

	Figure 6
	TDL-C
	Ideal
	DFT-s-OFDM

	Figure 7
	TDL-A
	DMRS based
	CP-OFDM

	Figure 8
	TDL-A
	DMRS based
	DFT-s-OFDM

	Figure 9
	TDL-C
	DMRS based
	CP-OFDM

	Figure 10
	TDL-C
	DMRS based
	DFT-s-OFDM



Based on the figures, we make the following observations:
1. Similar to AWGN case, for a given bandwidth, NOMA multiplexing capability is reduced when the payload size is increased. 
2. For a given spreading, the NOMA multiplexing gain is larger in fading channels than in AWGN channel. For example, up to 30 UEs can be supported in TDL-A and TDL-C channels whereas only 10 UEs can be supported in AWGN. In TBS20, the multiplexing gain rose from 5 to 18 UEs. 
3. Ability to multiplex significantly higher number of UEs when operate in fading channels compared to in AWGN indicates that the frequency diversity plays an important role in multiplexing capability of a NOMA scheme. 
4. CP- and DFT-s-OFDM waveforms perform similarly.
5. DMRS based real channel estimation incurs some performance degradation of about 0.5-1dB compared to ideal channel estimation. 
6. Simulation results with DMRS based real channel estimates is limited to 12 UEs as NR DMRS design only can support up to 12 orthogonal DMRSs. However, our simulation results with ideal channel estimates strongly indicate that IDMA can support significantly large multiplexing gains, for example 30 UEs with payload of TBS10 (Figures3 (a), 4 (a), 5(a), and 6(a)).
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Figure 3 - IDMA evaluation results, TDL-A channels, CP-OFDM
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Figure 4 - IDMA evaluation results, TDL-A channels, DFT-s-OFDM
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Figure 5 - IDMA evaluation results, TDL-C channels, CP-OFDM
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Figure 6 - IDMA evaluation results, TDL-C channels, DFT-s-OFDM

DMRS based real CHEST
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Figure 7 - IDMA evaluation results, TDL-A channels with DMRS based CHEST, CP-OFDM
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Figure 8 - IDMA evaluation results, TDL-A channels with DMRS based CHEST, DFT-s-OFDM
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Figure 9 - IDMA evaluation results, TDL-C channels with DMRS based CHEST, CP-OFDM
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Figure 10 - IDMA evaluation results, TDL-C channels with DMRS based CHEST, DFT-s-OFDM

2.2		Throughput results
In this section we show the throughput results. For each case, we present two sets of curves: (1) the sum throughput at 10% BLER for different number of UEs and TBSs, (2)the required SNR at 10% BLER for different number of UEs and TBSs.

2.2.1		AWGN
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(a) 																		(b)
Figure 9 IDMA sum throughput results, AWGN channels

2.2.2		Fading channels
Ideal CHEST
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Figure 11 IDMA sum throughput results, TDL-A channels with ideal CHEST
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Figure 13 IDMA sum throughput results, TDL-C channels with ideal CHEST

DMRS based real CHEST              												         
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(a) 																		(b)
Figure 15 IDMA sum throughput results, TDL-A channels with real CHEST
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(a)																		(b)
Figure 16 IDMA sum throughput results, TDL-C channels with real CHEST
3. Conclusions
In this contribution, we provided link level simulation results of IDMA and showed its overloading capabilities in AWGN and fading channels. Based on the presented results following observations can be made:
Observation 1 – For both AWGN and fading channels, a significant throughput gain can be achieved by IDMA.
Observation 2 – Frequency diversity plays an important role in multiplexing capability of  IDMA scheme.
Observation 3 – IDMA provides similar performance in CP- and DFT-s-OFDM waveforms.
Observation 4 – IDMA can provide significant multiplexing gains compared to OMA at the cost of small SNR penalty. 
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 Appendix
[bookmark: _Ref509219414]Table 2 Link level simulation assumptions
	Parameters
	mMTC

	Carrier Frequency
	700 MHz

	Waveform (data part)
	CP-OFDM and DFT-s-OFDM

	Channel coding
	NR LDPC

	Numerology (data part)
	SCS = 15 kHz, #OS = 14

	Allocated bandwidth
	6 PRBs

	TBS per UE
	[10, 20, 40, 60, 75] bytes

	Target BLER for one transmission
	10%

	Number of UEs multiplexed in the same allocated bandwidth
	AWGN: [1, 6, 8, 10, 12]
TDL-A andTDL-C: [1 to 30]


	BS antenna configuration
	2 Rx

	UE antenna configuration
	1 Tx  

	Propagation channel & UE velocity
	AWGN, TDL-A 30 ns and TDL-C 300 ns in TR38.901, 3 km/h

	Max number of HARQ transmission
	1

	Channel estimation
	Both Ideal and DMRS based real channel estimates.
DMRS overhead is 1/7 OFDM symbols


	MA signature allocation (for data and DMRS)
	Fixed

	Distribution of avg. SNR
	Equal

	Timing offset
	0

	Frequency error
	0

	Traffic model for link level
	Full buffer

	For link level calibration purpose only
	OMA single user whose spectral efficiency is the same as per UE SE in NOMA (AWGN, TDL-A, and TDL-C curves provided)

	Performance metrics 
	BLER vs. per UE SNR at a given pair of {per UE SE, # of UEs}  
Sum throughput vs. SNR at given BLER level, for a given pair of {per UE SE, # of UEs}
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